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Abstract 
The railway operation research center Darmstadt (EBD) developed from a pure simulation center towards an interdisciplinary learning factory. 
The paper presents methodical concepts for the three main fields of its application - the student’s education, the advanced education and the 
research on railway operation. Education is focus on role and business games. The participants can slip in the role of operators or dispatchers 
training the regular or disrupted operations. Research projects complement the needed technique and enable new didactical concepts. Moreover 
new technical concepts are developed and tested in the EBD before they are used in railway operation. 
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1. Introduction 
How are trains able to run? How does the signal turn green? 
And what happens when a tree has fallen on a track? These and 
other questions can often not be answered and demonstrated 
within the real-time operation. For educating and training 
purposes training centers are necessary. Here, the course 
participants can learn the principles of railway operation. They 
can switch into different roles and experience the consequences 
of their decisions and activities without consequences for real 
trains or passengers. 
The railway operation research center Darmstadt (EBD – 
Eisenbahnbetriebsfeld) is a simulation center for railway 
operation and dispatching. Based on a model railway with 
authentic signaling and interlocking technique different 
software systems for the railway operation and dispatching are 
installed. The EBD is operated by a collaboration of DB 
Training, Learning & Consulting, the Railway Academic 
Working Group (AKA Bahn) and the chair of Railway 
Engineering at the TU Darmstadt. At its current location, the 
EBD was opened in 2006. The history of interlocking 
simulation at TU Darmstadt goes back to 1914 where the first 
signal box was set up for teaching purposes. From 1935 to 
1939, the initial laboratory, which consisted of several 
mechanical and electro-mechanical signal boxes, gradually 
expanded. Until the temporary closing in 2000 the laboratory 
was a pure simulation of the train operating process. The course 
participants of trainings switched into the roles of train 
directors. With the reopening, the technical possibilities were 
significantly expanded. Besides the techniques of the train 
director, dispatching software for the infrastructure and 
resource dispatcher were installed. Also, new didactical 
concepts are designed and applied.  
Due to the wide range of technical elements and simulation 
software the EBD is used for highly versatile training and 
research purposes. Its miniature reality permits practical initial 
and advanced training in operations, control and scheduling. 
The paper describes the conceptual design of the EBD 
(chapter 2). Afterwards the field of application in education and 
training (chapter 3) and experimental research (chapter 4), as 
wells as further development (chapter 5) are explained. 
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2. Conceptual design 
“A learning factory is a learning environment where 
processes and technologies are based on a real industrial site 
[…]. Learning factories are based on a didactical concept 
emphasizing experimental and problem-based learning. The 
continuous improvement philosophy is facilitated by own 
actions and interactive involvement of the participants” [1]. 
Due to the technical and didactical development the EBD can 
be defined as a learning factory. In the following we describe 
the implementation of the key elements of the mentioned 
definition of a learning factory. 
2.1. learning environment: railway operation & more 
In the EBD all phases of railway operation are realized: from 
the planning phase over the operation phase to the dispatching 
phase, as shown in Fig. 1.  
For all three phases the two perspectives of the train 
operating company (TOC) and the railway infrastructure 
manager (RIM) are performed. The TOC is responsible for the 
execution of train movement on the infrastructure provided 
from the RIM. The staffs of the TOC and the RIM interact in 
all three phases. In the planning phase the TOC calculates the 
needed resources (staff and trains) for a desired traffic concept. 
The RIM draws up the timetable based on the orders of all 
TOC. During the operation phase, TOC provide the train staff, 
from the driver to the conductor. The TOC and RIM staffs are 
responsible for safe and punctual railway operations. RIM 
employs the train directors and pointsman who are responsible 
for the signal boxes of a station. They set the routes for the 
trains. The dispatcher of the TOC controls the employed staff 
and trains. He intervenes when staff is unavailable, trains 
cannot fulfil a planned service or in case that lines have to be 
detoured. The dispatchers of the RIM control the infrastructure 
and regulate delayed trains. They inform the dispatchers of the 
TOC about trains that have to wait or get rerouted.  
For a realistic railway operation simulation and a wide 
spectrum of training scenarios, different specific features are 
implemented: single-track lines, a foreign track line, a ferry 
terminal, freight stations and a crossing point to the urban 
traffic. 
2.2. real industrial site: the technical concept 
Workplaces for the staff of the TOC und RIM are distributed 
over the entire plant (see Fig. 2).  
The central element of the train director’s workplace is the 
signal box. Four different types of original interlocking 
technologies from different epochs are implemented: 
x mechanical signal boxes (1900; see Fig. 3), 
x electro-mechanical signal boxes (1912), 
x relay interlocking systems (1950) and 
x electronic interlocking systems (1980).  
With the help of the interlocking technology the train 
director switches the elements of the desired route, 
mechanically locks, electrically fixes the elements and adjusts 
the signal. Further information and communication systems, 
like the train message system, following the actual operation 
systems are implemented.  
The workplaces of the dispatcher (TOC) offer different 
software systems for resource planning and traffic control. 
Special dispatching programs have been recreated based on 
software used in real operation. The vehicle resource planning 
tool is used for ad hoc vehicle management [2]. It displays all 
train services that are assigned to a vehicle. The dispatcher can 
create, edit and cancel services. The personnel resource 
Fig. 2. Track layout and workplaces, according to [3] 
Fig. 1. the EBD learning environment 
Fig. 3. mechanical signal box next to the model railway 
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planning tool monitors the staff. Staff on current and upcoming 
shifts can be informed about changes in their schedule and 
general disturbances in the railway network. A RIM-
dispatching system is also implemented. Further information 
systems provide an overview about the actual traffic or 
information for connection dispatching. 
The data for the different software, communication systems 
and the interlocking technology are stored and distributed from 
a central server, see Fig. 4. 
The basis for the above mentioned systems is the railway 
model with almost 1,000 meters of track in a scale of 1:87. 
Combined with a length scale of 1:250 the railway model 
represents a railway network with 90 km of lines and 13 
stations. All operationally needed elements, like switches, 
signals and clearing points exist on the model railway.  
The model railway and the interlocking technology are 
designed for adjustable operations. Dependent on the number 
of participants it is possible to operate a small ring for about 5 
to 10 participants or it is possible to operate the whole ring with 
workplaces for up to 20 participants. When the work of the train 
director and pointsman is in the focus of the training all signal 
boxes are in operation. In case the work of a dispatcher is in 
focus, the model railway is operated by two train directors in 
the operating center. In this scenario the workplaces in the EBD 
are equipped with the systems and work documents for 
dispatchers. It is also possible to mix both scenarios. For both 
scenarios different timetables with different traffic volumes 
and operational scenarios exist.  
2.3. didactical concept: interactive, problem based learning 
The goal of the education and training in the EBD is to 
understand the complexity of railway operation. The best way 
for understanding and remembering is self-doing [4]. In all 
trainings the participants act like train directors or dispatchers. 
They interact with their neighbour train director, the train staff 
or corresponding dispatcher from the TOC or RIM. The length 
of the active part during the training depends on the type of 
seminar, the previous knowledge of the participants and the 
length of the training.  
Depending on the knowledge of the participants and the 
objectives of the seminar different scenarios for operation and 
dispatching are simulated. Starting with a basic version to learn 
to act under normal operation the level of difficulty can be 
increased during the training or between the sessions. 
Therefore the traffic volume can be increased or disturbances 
can be simulated. In dispatching training closed tracks, 
unavailable staffs, delayed trains or rerouting are inserted. If 
the stress for the group is too high, the simulation time can be 
stopped and the group can find a solution for the actual problem 
together. 
Before the interactive part using the model railway, there 
often is a theory session on basics of railway operation or 
dispatching. The concept of the theory part depends on the 
target group and their previous knowledge. 
3. Education 
The EBD has a wide field of application due to the different 
aims and areas of application of the three collaboration 
partners. The DB Training, Learning & Consulting offers 
different seminars for young and experienced employees from 
the Deutsche Bahn. They range from basic courses for trainees 
or young academics to basic and advanced dispatching courses 
[5]. The Railway Academic Working Group (AKA Bahn) is 
responsible for the maintenance of the interlocking technique 
and model railway. They offer private simulation trainings for 
their members and other interested private associations. They 
also support the TU-seminars decisively. 
In the following we present the different types of education 
seminars and trainings developed and offered by the TU 
Darmstadt. 
3.1. Education of students 
The offered seminars for students range from bachelor 
degree courses to master degree courses. In the bachelor degree 
course the students get an insight of the process ‘running a 
train’. They walk along with a train over different kinds of 
signal boxes. The aim of this session is to build an early interest 
for the rail system (see [2]). This course is offered for all 
students of civil and environmental engineering. 
Two consecutive master degree courses are offered. In the 
first one the students learn the basics of railroad safety systems 
with the following topics: 
x basic requirements for security systems, 
x the fundamentals of safety engineering, 
x the principles of signal boxes, 
x future development of interlocking systems. 
This course is divided into a theoretical and a practical part. 
During the practical part the students operate as a train director 
or pointsman. They have to operate the signal boxes, learn 
about the basics of train messages and get an insight on 
dispatching measures. The level of difficulty in the practical 
part increases from session to session: after a basic scenario 
train messages and shunting is introduced. The delayed trains 
during a session are observed and used for evaluation at the end 
of a training session. The participants are made sensitive to the 
reasons for delayed trains and how their action causes delayed 
trains in their own or in neighbor stations. 
Fig. 4. Technical concept 
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During the second master degree course the students learn 
about deviations from normal operating procedures including: 
x irregularities and disruptions in railway operation, 
x direct traffic control, 
x operations while track is in construction. 
The structure of this course is comparable to the described 
first master degree course. 
Beside the mentioned courses we offer students experiences 
in our laboratory and seminar papers for students from different 
disciplines. They have the possibility to research about 
didactical or technology concepts. 
3.2. Advanced Education 
One of the didactical concepts, where the rough concept was 
developed from students, is the business game ‘planning and 
management of train-paths’ [6]. The aim of the business game 
is to introduce the management of train-paths, to identify the 
different tasks, roles and divergent aims in the timetabling 
process. Potential conflicts in the planning and operating of 
train paths are demonstrated. The following topics are the focus 
of the business game (see [7]): 
x reservation of train paths by different TOCs based on their 
operational planning, 
x management of train paths by RIM and 
x integrated process ‘running a train’. 
In the first part, the basics for the operational planning are 
presented. In small groups, each representing one TOC, the 
participants plan the desired trains and lines. With the help of 
timetable software the participants plan the routes of the trains 
on the EBD model railway. At the end of the first part the 
participants send their booking to the RIM. In the second part 
the booked train routes from all groups are collected and 
brought together for a first version of a timetable. This first 
version is not conflict free, as seen in Fig. 5. After some basics 
on the theory of the management of train paths, the participants 
analyze and solve the conflicts in the timetable together. They 
identify possible conflict solutions, pros and cons of the 
solutions and the consequences for the involved TOCs. As a 
result of the second part the participants construct a timetable 
without conflicts. In the third part, the operation phase, the 
process ‘running a train’ is performed based on the developed 
timetable. The participants assume the role of a train director 
or pointsman. In this part they learn about the consequences of 
a dense timetable or short connection times. At the end of the 
business game the participants have the possibility to discuss 
two of four different topics in small groups with experts: 
x safety in railway operation, 
x deviations from normal operation, 
x dispatching and disruption management and 
x customer information in railway operation. 
The target group of the business game is management 
personnel of railway operation to improve their knowledge in 
the above mentioned topics. 
Apart from the business game, further courses for advanced 
trainings for industry are offered. They range from basic 
courses on railway operation to specific themes of railway 
operations like running trains during track constructions. These 
courses are individually designed for the groups. 
4. Experimental research 
In addition to the described education and training 
possibilities, the EBD is used for experimental research. The 
experimental research in the EBD can be divided into the 
(further) development of the software used in trainings and the 
development of prototypes and usability studies for prototypes. 
4.1. Development of software for education and trainings 
Most of the used software, especially the software package 
for the dispatchers, is developed by students and researchers 
from the TU. The described dispatcher software is designed in 
the style of the real systems (for more information see [2]). 
To offer a wide range of courses and in response to actual 
developments in the railway sector interlocking technologies 
are continually under development. One current example is a 
newly installed ETCS-track (European Train Control System). 
On a defined test track it is possible that the trains drive in a 
moving block distance instead of a fix block which is restricted 
by signals. Moving blocks have the advantage that tracks can 
be divided in adjustable blocks. The number of blocks depends 
on the braking distance of the trains. With the help of moving 
blocks more trains can drive on this track. A server application 
manages the trains and gives authorized movement orders to 
the trains on this track. The linking to the interlocking software 
is currently under construction. The modular structure and the 
central data server of the EBD enable a flexible development 
and integration of new systems. 
Further and new development of systems is often connected 
with small research projects for students. Together with 
colleagues of the informatics department we offer the 
‘Bachelor degree practical course’, where students develop and 
program software in small groups based on given demands. 
Due to the aim of integrating the view of the train driver into 
seminar or courses a prototype for a driver’s cab was Fig. 5. First timetable version with conflicts (example) 
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developed. Therefore a real control desk of an urban railway 
was converted and linked to the model railway and its software 
systems. Furthermore the real view of the driver to the track 
shall be implemented. A first step, a prototype for a model train 
utilized with a camera, is currently under construction. The aim 
is that the model train sends its view of the track to the monitor 
of the driver’s cab. 
4.2. Development and evaluating of prototypes 
Due to the realistic approach of the installed hardware and 
software, the EBD is suitable for the development and testing 
of prototypes. One example for a successful usability study is 
a prototype for a new workplace for train directors. A new 
design for an electronic interlocking system was tested. In the 
EBD the simulation surroundings are controllable, 
reproducible and without disturbing influences. For the 
usability study the regular operations as well as operation under 
disturbances were simulated. The study with train directors was 
divided into three parts: 
x free exploration section, 
x section where the train directors had to fulfill defined 
tasks and 
x operational section with operation based on a defined 
timetable. [8] 
The scope of the usability study was to evaluate the designed 
prototype, to identify and analyze problems in use and to 
explore improvements. The train directors documented their 
experience in a questionnaire. These results were combined 
with a video analysis of the train directors during the study. [8] 
In the field of dispatching a prototype for visualization 
connection conflicts was developed [10], [9] and evaluated [11] 
in the EBD. In a research project with Deutsche Bahn, a new 
way of displaying connections and connection conflicts was 
developed. For the visualization each connection is assigned to 
a category. The category advices the user how to proceed with 
a connection (conflict). The conflicts are arranged in a matrix 
depending on feeders and distributors (see Fig. 6). In a user 
study in the EBD it was proved whether dispatchers are able to 
work with the new interface. The prototype directly interacts 
with existing dispatching software already available in the 
EBD. With the help of different questionnaires the dispatchers 
were asked to state the needed mental effort and their opinion 
about the systems after each session. With the help of the study 
the prototype was evaluated and improvements were detected. 
5. Further Development 
To fulfill recent demands, the technical development is an 
ongoing process. Currently the extension of the ETCS test-
track is targeted. The aim is to simulate all user functionality 
that is necessary for the participants of an ETCS course. 
Therefore, course software and algorithms for the server 
application are implemented. Hardware does not need to be 
implemented on the model railway. 
Due to an increase of education and training sessions on the 
model railway, new resources to enable more seminar days per 
year are needed. One approach is to split the model railway into 
two separately operating rings. Therefore, mostly all needed 
software elements have to be split and modified to operate on 
two instances simultaneously. The advantage is that beside 
training sessions for 5 up to 10 participants research projects 
can take place on the second ring. Currently the interlocking 
software for the electronic interlocking system is adapted for 
such purposes. If the capacities and operational scenarios on 
the research ring are not sufficient a virtual extension of the 
model railway is possible. The EBD technique is prepared for 
a virtual extension. A rough concept for the virtual extension 
depends on further research projects and their needs. 
In a current student research project a rough concept for a 
self-learning tool for relay interlocking systems is developed. 
This can be the basic for integrating eLearning methods in EBD 
courses. 
6. Conclusion 
In the last 10 years the systems and software for the EBD 
were continuously extended. The EBD is established as one of 
the largest and varied railway simulation center in Germany. 
Today the EBD satisfies all mentioned features of a learning 
factory for students’ and advanced education as well as for 
experimental research. Based on a large model railway 
different operational and dispatching scenarios for different 
target groups can be simulated. Different didactical concepts 
are developed and successfully applied.  
The EBD offers great opportunities to evaluate new 
functions and interfaces in a real environment. Therefore the 
technical possibilities are continuously extended. 
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